The ultimate objective of this study was, to explore community structure and biomass of zooplankton in relation to key environmental drivers to bear out the productivity of Lake Tinishu Abaya. Zooplankton samples collection was carried out for a year from January to December 2016 from two sampling sites (open and shore) using 30 µm mesh size net within the euphotic depth. Biomass of zooplankton was anticipated using length-weight regressions adjusted for the representative microcrustacean and biovolume of Rotifera from linear dimensions applied to simple geometric formula appropriate to body shape. In parallel, in-situ and laboratory measurements of the various physicochemical factors were performed using the standardized method. The results of the present study are given strongly generalized that Rotifera had the highest number of species (11 species) followed by Cladocera (5 species) and Copepods (2 species). Diversity parameter, the Shannon diversity index was higher for Rotifera (2.45) than cladocerans (2.395) and copepods (2.384). The mean total biomass of copepods, cladocerans, and Rotifera were 174.4, 46.76 and 13.67 µg/L at open site and 101.8, 51.35 and 10.9 µg/L at shore site, respectively. Physicochemical factors responsible for the observed variations in the biological features of the lake generalized that the lake water was fresh, well oxygenated, slightly warm, alkaline, very turbid, and with relatively high inorganic nutrients. The presence of fairly high diversity, abundance, and biomass of zooplankton in the study shows that the ecosystem of Lake Tinishu Abaya is chemically, physically and biologically productive which supports most of the aquatic life.
INTRODUCTION
Zooplankton community is made up of a mixture of species belonging to many taxonomic groups whose morphology, reproductive strategies and feeding habits are very diverse, resulting in spatial and temporal variations in productivity profiles. In freshwater environments, zooplankton plays a relevant role in energy transfer and nutrient transport and regeneration, owing to their position in the food web as the main direct energy transfer and nutrient transport and regeneration, owing to their position in the food web as the main direct *Corresponding author. E-mail: yirgaenawgaw@yahoo.com.
Author(s) agree that this article remain permanently open access under the terms of the Creative Commons Attribution License 4.0 International License consumers of phytoplankton. The magnitude of energy fluxes is determined by the herbivory of the various components of the zooplankton community, which depends on the community structure, and is a result of the process of colonization and establishment of species (Armengol, 1980; Armengol and Miracle, 1999) .
Among the dominant zooplankton in freshwater ecosystems are rotifers and microcrustaceans made up of cladocerans and copepods (Wetzel, 1983) .
Zooplankton occupies an open position in the trophic link between primary producers and higher trophic levels; they are also good bioindicators of the physical and chemical conditions of aquatic environments which cause changes in the qualitative and quantitative composition of zooplankton and influence their densities (Karabin, 1985) . Zooplankton abundance, expressed as number per area or volume units does not necessarily provide accurate information about community biomass because zooplankton consists of a great variety of groups or animal species of a large size range (Matsumura-Tundisi et al., 1990) . Moreover, the biomass of the zooplankton species is an important and necessary parameter to calculate the secondary production of this community (Melão and Rocha, 2004) .
Biomass reflects the instantaneous quantity of live organic matter in a given area and also provides a means of analyzing an ecosystem's productivity, irrespective of taxonomic composition. An increase in zooplankton biomass has often been associated with a rise in the trophic status of the environment. Studies that consider biomass values are important because they allow comparison of different environments, providing a common unit to evaluate zooplankton groups. Generally, eutrophic environments support higher biomass of smaller individuals than more oligotrophic ones (Esteves and Sendacz, 1988) .
The establishment of length-weight regressions are fundamental when determining the biomass of aquatic communities and also in most studies of food web how aquatic ecosystems function. For microcrustaceans (cladocerans and copepods), weight estimates from interactions and secondary productivity (Ghidini and Santos-Silva, 2009; Ghidini and dos Santos-Silva, 2011) , which contribute to our knowledge of length-weight regressions have been the most frequently used technique employed to approximate the biomass of these organisms.
Alternatively, the determination of zooplankton size is an important tool for building the size-weight regressions, which are useful when only size data is available. Due to these reasons, estimation of zooplankton size and dry weight constitutes an important contribution for the study of trophic-web structure in aquatic ecosystems, considering its relationship with the trophic status of the water bodies (Pinto-Coelho et al., 2005a; Pinto-Coelho et al., 2005b) .
Furthermore, an accurate measurement of biomass is necessary to understand the structure and dynamics of biological communities (Bird and Praire, 1985) . Basic knowledge on the biomass (length-weight) of different zooplankton species provides the necessary data for the calculation of secondary production, as well as information about the competitive strategies responsible for their success in a given environment. Measurement of zooplankton biomass is essential in studies of production ecology of zooplankton. Therefore, the aim of the present work was intended to quantify biomass, abundance, and community structure of the zooplankton species to bear out the ecological productivity of Lake Tinishu Abaya. The study was used to establish length-weight regressions for the representative microcrustacean (cladoceran and copepod) species in a tropical Rift Valley Tinishu Abaya, Ethiopia.
MATERIALS AND METHODS

Study area
Lake Tinshu Abaya, or interchangeably called, Small Abaya, is a small freshwater lake located in the Rift Valley nearly 160 km southwest of Addis Ababa, which is the capital city of Ethiopia. It located at 7°29´03.65´´N, 38°03`17.79´´E, and 1835 m above sea level. The lake is situated in a remote area 15 km from a small village in the township of Silttie. It is a shallow lake, having a surface area of 1253 ha (Kassahun et al., 2011) , with a maximum and a mean depth of 3.7 m and 2.9 m, respectively. During this study, two major perennial rivers (Rivers Dacha and Boboda) and a single outlet (River Badober) were always active. The former two rivers are relatively big. The lake has some commercially important fish species including the native Tilapia zilli and Barbus species, while Nile tilapia (Oreochromis niloticus), was stocked from the nearby Lake Ziway in 1997 (Kassahun et al., 2011) . The major food items found in the gut of O. niloticus in the study area are phytoplankton, the macrophytes, detritus, and zooplankton (Yirga and Brook, 2018) .
The lake has nearly an oval shape ( Figure 1 ). For this study two study sites (open water/center and shore/offshore site) was selected purposely. An open-water site located in the center; 2.5 km far from the shoreline and the shore site is so close (nearly 50 m) to the edge of the lake. This site was considered as a direct recipient of wastes from agricultural land as well as domestic materials; thus the site was taking into consideration as impaired by human activities compared to the open-water site.
Water sampling and measurements of physico-chemical parameters
For all physical and chemical analysis, sample collection procedures were carried out on a monthly basis for a year between January 2016 and December 2016 from two sampling stations (open and shore). Water samples were taken with bottle sampling from the surface. The collected water samples were transported to Limnology Laboratory of Addis Ababa University for further physicochemical analysis. In-situ measurements of the parameters temperature, dissolved oxygen, conductivity, and pH was measured using a portable multimeter (Model HQ 40d Multi Hach Lange). Water transparency was measured using a standard Secchi disc 30 cm in diameter. The euphotic depth (Zeu), the depth at which 1% of the surface photosynthetic active radiation is detected, for the study area, was calculated from the relation Zeu = 4.6/Kd (Kalff, 2002) . Kd (mean vertical extinction coefficient of downwelling irradiance, in m -2 ) was computed from the relation as Kd=1.44/ZSD (ZSD-Secchi depth, in m) Holmes (1970) . Turbidity was measured using portable digital turbidimeter (Model OAKTON: T-100). In the Laboratory, total suspended solids (TSS) were determined through the standardized gravimetric method for examination of TSS in water analysis by Howard 1933. Total Dissolved Solids (TDS) , the portion that passes through a filter, in a sample correlates to electrical conductivity (Glenn, 2005) (TDS=0.65 × Electrical conductivity). The major inorganic nutrients analyzed in the present study were nitrogen (nitrite-NO2, nitrate-NO3-N, ammonium-NH4-N), phosphorus (soluble reactive phosphorus-SRP and total phosphorus-TP), and dissolved silicate (SiO2) and all were determined using the standard method of APHA (1995) at Limnology laboratory of Addis Ababa University, Ethiopia. Trophic state of the lake was determined using Carlson's (1977) trophic state index (TSI) determination method.
Zooplankton sampling, identification and estimation of abundance and biomass
Zooplankton sample collection was carried out from two sampling sites (open and shore) from January to December 2016, using 30 µm net sampler with vertical halls within the euphotic depth (1.5 -2 m below the surface). The sample was immediately preserved with 4% formalin. For the identification and enumeration of abundance, 10 ml of sub-sample was taken from the preserved volume of zooplankton sample. Zooplankton identification was held under a stereoscope microscope. The major zooplankton groups were counted using a counting grid as separate groups. In the counting grid/chambers, individuals/liter were counted randomly up to a minimum of 400 individuals under stereoscope microscope (magnification 40x) with a fixed camera, and the final estimation of zooplankton abundance (individual/L) of lake water, was estimated for each site and months using the formula of Edmondson and Winberg (1971) .
Biomass of the crustacean (copepods and cladocerans) zooplankton was determined using length-weight relationships (Dumont et al., 1975) , or gravimetric method. The dry weight of each zooplankton was measured on a PerkinElmer AD6 Autobalance after drying (60°C in an oven for 30 ± 6 h. (Adameneh, 2010) . The body length (total body length, excluding caudal setae for copepoda and cladoceran) (Mengistou and Fernando, 1991b; Dumont et al., 1975) of zooplankton was measured using measuring bored with is fixed with the microscope. Length-Weight regression equations were derived for the different species of copepods (230-adults, 148-copepodites, and 166-naupli) and cladocerans (340 adults) to Lake Tinishu Abaya and used this equation throughout the study period. Biomass of rotifer taxa/species was calculated from length measurements and biovolume approximations whereas, bio-volume of rotifers was computed from linear dimensions applied to simple geometric formulae appropriate to body shape (Ruttner-Kolisko, 1977) . A wet weight/dry weight conversion factor of 0.1 (Doohan, 1973) is used for all genera except Asplanchna, for which a factor of 0.039 (Dumont et al., 1975) .
Statistical analysis
The relationships between the dominant zooplankton species and significant environmental variables were analyzed using a constrained Redundancy Analyses (RDA, CANOCO for Windows 4) using PAST software (Leps and Smilauer 2003 
RESULTS
Physico-chemical features
The different physico-chemical features which were responsible for the diversity, abundance, and biomass of zooplankton in Lake Tinishu Abya were measured ( The pH of the study lake was ranged from a minimum of 8.11 to a maximum of 9.27 at the open station and 8.15 to 9.22 at a shore station. Total alkalinity was varied from 1. 44 -8.26 and 0.96 -6.94 meq/L at open and shore stations, respectively. There was a seasonal effect on the distribution of pH (p=0.000) and alkalinity (p=0.004). High pH and alkalinity values were seen during the dry season (January to May and October to December). pH and alkalinity were correlated positively and significantly (r= 0.98).
The electrical conductivity (EC) of surface water for the study lake varied from 181.1 to 1006 µScm -1 at open station and 147.7 to 1006 µScm -1 at shore station. There was a significant variation of electrical conductivity between months (p<0.05). The high values of conductivity were recorded during the dry period (January to March). In this study, both sites have shown a fairly high amount of total dissolved solids (TDS). It was varied from a low value of 117.7 mg/L to a high value of 653.9 mg/L at the open station and 96 to 653.9 mg/L at a shore station. There was a seasonal effect (p<0.05) on the distribution of TDS with high values were observed in the dry period (January to March), and sharply decreased from April to September. EC and TDS were correlated perfectly and positively (r= 1).
In the study lake, TSS was estimated and it was ranged from 73.24 -243 mgCaCO 3 /L and 76 -368 mgCaCO 3 /L at open and shore stations, respectively. TSS was significantly varied seasonally (P=.000) by means of high values were reported in the rainy period (June to August) and low values were observed from November to January (Dry period). The other most important parameters measured in the present study was water turbidity. Lake Tinishu Abaya was highly turbid throughout the year and it was varied from 57 to 143 NTU at the open station and 71 to 188 NTU at a shore station. Turbidity was significantly varied seasonally (P= 0.008) with high values were reported during the main rainy season (June and July). Comparatively, low turbidity was reported in the dry season (January to April). Water transparency (Secchi disk) of the lake was also detected during the study. Secchi disk of Lake Tinishu Abaya varied from a low value of 16 cm to a high value of 28.5 cm at the open station and 12 to 16.5 cm at a shore station. There were significant seasonal variations of Secchi disk between sites (0.042) and months (p=0.025). Secchi disk was higher at the open station than a shore station and during the time of the rainy season (JuneSeptember). The euphotic depth (Zeu), the depth at which 1% of the surface photosynthetic active radiation (PAR) is detected, for the study area, was calculated at the open station, and it was ranged from a low value of 0.51 m to a high value of 0.91 m.
The concentration of chlorophyll-a that was recorded in the study lake was varied from 18.97 to 65.05 µg/L at the open station and 12.13 to 48.77 µg/L at a shore station. The annual mean chlorophyll values were 31.21 and 26.3 µg/L at open and shore stations, respectively (Table 1 ). There was a seasonal effect (p=0.029) in the distribution of chlorophyll a and it was high during the dry season (January to May and October to December). Pearson correlation coefficient analysis indicated that chlorophyll a was correlated positively and strongly with pH (r=0.543), conductivity (r=0.485), Secchi disk (r=0.467), and alkalinity (r=0.576) while it was correlated negatively and strongly with NO 2 (r= -0.550), TP (r= -0.411) and TSS (r= -0.658).
The major inorganic nutrients analyzed in the present study were nitrogen (nitrite-NO 2 , nitrate-NO 3 -N, ammonium-NH 4 -N), phosphorus (soluble reactive phosphorus-SRP and total phosphorus-TP), and dissolved silicate (SiO 2 ) ( Figure 2 ). The annual mean concentration of NO 2, NO 3 , NH 4 , SRP, TP, and SiO 2 were, 503. 82, 192.14, 47.44, 36.11, 172.13, and 62.80 µg/L at the open station and 626. 32, 42.26, 51.34, 42.26, 184.41 and 62.48 µg/L at the offshore station, respectively. Nitrite and ammonium nutrients were significantly varied seasonally (p<0.05) with high concentrations as reported during the rainy season (June to September). Conversely, nitrate was high in the dry season (January to May and October to December). (Table 1) . Based on TSI values, the overall trophic state of Lake Tinishu Abaya was a hypereutrophic system. The trophic state index in terms of chlorophyll-a was lower than the trophic state indices of Secchi disk and total phosphorus which indicated that the hypereutrophic state of Lake Tinishu Abaya is as a result of the presence of high concentration of phosphorus and low water transparency rather than algal bloom/algal turbidity.
Zooplankton diversity and abundance
During the study, a total of 24 species of zooplankton that comprise Rotifera, Copepoda, and Cladocera were identified in Lake Tinishu Abaya for the first time (Table  2) . Rotifera had the highest number of species (11 species) followed by Cladocera (5 species), and Copepoda (2 species) ( Table 2 ). The Shannon diversity index was higher for Rotifera (2.45) than cladocerans and (2.395) copepods (2.384). This showed the small-sized Rotifera were more diverse than the larger crustacean in the study area. Evenness index was lower for copepods (0.9043) and cladocerans (0.9138) than Rotifera (0.9657) which indicated the two crustacea were distributed randomly in the lake.
The annual mean total zooplankton abundance was 369.95 ~ 84.3 at the open site and 305.3 ~ 63.08 ind./L at the shore site. It varied from a low value of 267.8 to 511.9 ind./L and 244.1 to 464.88 ind./L at the open site and shore station, respectively (Table 3 ). The total abundance of zooplankton was dominated by copepods (54%) followed by Rotifera (40%) and cladocerans (6%). There was significant variation in the total zooplankton abundance between months (p=0.045) by means of high and low values which was reported during the rainy season (June-September) and the dry season (JanuaryMay), respectively ( Figure 3) .
The temporal variations of the larger crustaceans (copepods and cladocerans) and small-sized rotifers are shown in Figure 4 . There was a seasonal effect (p=0.01) on the distribution of copepods abundance with high values (60 -65%) which occurred during the rainy season (June-August). The adult copepods T. decipiens widely dominated (25 -45%) the abundance of zooplankton in most of the sampling months. The abundance of T. decipiens was high (>50%) in all the rainy season (JuneSeptember) and low (<15%) during the dry season (January -April and November -December ( Figure 5 ). M. aequatorialis, on the other hand, contributed relatively low percentage (5%) for the total zooplankton abundance. The high numerical abundance of M. aequatorialis was observed in the dry season (JanuaryApril) and from the pre-rainy season (May) towards the rainy season (June-September), low abundance of M. aequatorialis was shown ( Figure 5 ). The pre-adult stages, copepodite, and nauplii contributed a significant amount (35%) of the total zooplankton abundance. The former contributed 23% of the total zooplankton abundance. The high numerical abundance of the pre-adult stages of copepods was seen mostly during the rainy season (June, August, and September) ( Figure 5 ). Unlike the copepod crectaceans, cladocerans consisted of low abundance (<10%) throughout the study period. The peak (25%) abundance of cladocerans was reported in January and December. M. micrura, D. barbata, and D. excisum significantly (90%) dominated the abundance of cladocerans. The remaining 10% of the cladoceran abundance was comprised of C. cornuta and B. longirostris. The abundance of D. barbata was relatively high during the rainy season (June to September) ( Figure   6 ). On the other hand, the abundance of most of the cladoceran species (M. micrura, D. excisum, C. cornuta, and B. longirostris) was high mostly during the dry period (January to March and November to December) ( Figure  6 ).
Rotifera was the second most important group of zooplankton in terms of abundance and there was a notable significant temporal variation (p=0.019) in the abundance of Rotifera. In contrast to the copepods, high abundance (50 -55%) of Rotifera was observed during the dry season (January, November, and December). B. angularis considerably (55 -70%) (January to March), B. caudatus dominated (>45%) the abundance of Rotifera. Most of the Rotifera species (K. dominated the Rotifera abundance in most of the sampling months (March to August) (Figure 7) . At the beginning of the study period (January to March), B. caudatus was dominated (>45%) the abundance of Rotifera. Most of the Rotifera species (K. tropica, B. falcatus, F. pejleri, A. ovalis, P. complanata, P. vulgaris, Trichocera sp, Euchlanis sp, A. sieboldi) were high during the dry seasons.
Zooplankton biomass
The overall mean total zooplankton biomass of Lake Tinshu Abaya was 230.87 and 164.2 µg/L at open and shore stations, respectively. The mean total biomass of copepods, cladocerans, and Rotifera were 174.4, 46.76 and 13.67 µg/L at open sites and 101.8, 51.35 and 10.9 µg/L at shore sites, respectively (Table 4 ). The biomass of zooplankton was widely dominated by copepods (74%), and subsequently cladocerans (20%) and Rotifera (6%) ( Table 4 ). The high biomass of zooplankton in the study area was contributed by T. decipiens (31%), M. aequatoriais (19.5%), D. barbata (15%), copepodite (14%), and nauplii (9%) at the open water site and D. barbata (25%), T. decipiens (21%), copepodite (15%), M. aequatoriais (13.5%), and nauplii (12%) at a shore site (Table 4 ). There was significant temporal variation (p=0.037) in the biomass total of zooplankton with high values observed mostly during the main rainy season (June-August) ( Figure 8 ) coincides with high ambient inorganic nutrients and water turbidity. There was significant variation in the mean biomass of copepods between sites (p=0.025) and months (p=0.0015). The biomass of copepods was high at open sites and during the rainy period (June to August) and in the post-rainy month (December) (Figure 8 ). The two adult copepods, T. decipiens, and M. aequatoriais contributed the highest (35 -51%) biomass of zooplankton. The former comprised 31.2% and the later comprised 19.5% of the total zooplankton biomass ( Table  4 ). The larval stages of copepods, copepodites, and nauplii, together comprised relatively high percentage (about 25%) of the total zooplankton biomass ( Table 4) . The high biomass of the two larval stages (copepodites and nauplii) (Figure 9 ) and the adult T. decipiens ( Figure  10 ) were observed during the rainy season (June to September). The high biomass of M. aequatoriais, on the other hand, was seen during the dry period (January to April) (Figure 10 ).
The large-sized cladocerans consisted of relatively high biomass next to the copepods (Table 4 ). The biomass of cladocerans was significantly varied seasonally (p=0.02) with high values observed during the main rainy season (June, July, and August) concurrently with high water turbidity. D. barbata had large body-size (754 µm mean length) and high body dry weight (4.4 µg mean dry weight) relative to the other crustacea species (Table 5) and the species consisted of the highest (75%) biomass of cladoceran. This species also comprised the highest (25%) biomass of the total zooplankton at a shore station. D. excisum contributed relatively high (16%) biomass for cladoceran, next to D. barbata. Though the maximum abundance of cladocerans was contributed by M. micrura, it contributed low (only 9%) biomass of cladocerans. C. cornuta and B. longirostris contributed an insignificant amount (<5%) for the biomass of cladoceran. The biomass of D. barbata and D. excisum was relatively high during the rainy time (June-September). The reverse was true for M. micrura, C. cornuta and B. longirostris having high biomass during the dry period ( Figure 11 ). The biomass of Rotifera was approximately 15 times lower (6%) than the crustacea. The total biomass of Rotifera was ranged from 5.54 -18.69 µg/L and 5.17 -20.7 µg/L at open and shore sites, respectively. There was a seasonal effect (0.03) in the biomass of Rotifera by means of high values which was estimated during the dry season (January, February, May, and December) ( Figure   6 ). The highest (75%) biomass of Rotifera was contributed by four Brachionus species (B. angularis, B. calyciflorus, B. caudatus and B. quadridentatus) (Figure  12 ). The maximum percentage (45%) contribution for the total rotifer biomass was contributed by B. angularis followed by B. calyciflorus (17%), B. caudatus (12%), and B. quadridentatus (10%). The individual dry weight of A. sieboldi was much higher (4.1 µg/L) compared to all the other species of Rotifera. However, its percentage contribution for the total biomass of Rotifera was relatively low (10%) in relation to its body size. There was a seasonal effect in the distribution of the different species of Rotifera biomass. At the beginning of the study period (January to March), Filinia sp. contributed the highest (35%) percentage whereas, in May, August and October A. sieboldi contributed the maximum percentage (41%) of the biomass of Rotifera.
Redundancy analysis (RDA)
The correlation of environmental parameters and dominant zooplankton species was analyzed using a constrained Redundancy Analyses (RDA, CANOCO) graph ( Figure 13 ). The first and second axes explain 55.5% of the cumulative percentage variance of speciesenvironment relation (Table 6 ). The first axis was correlated positively with conductivity, DO and TP and it was negatively correlated with turbidity, temperature, pH, TSS, NO 2 , NH 4, and SRP. The second axis correlated positively with pH and most of the nutrients and it was correlated negatively with TSS, turbidity, temperature, conductivity and DO (Figure 13 ). The occurrence of T. decipiens and B. angularis correlated positively and strongly with NO 2 and NH 4 . Whereas B. calyciflorus occurrence correlated positively and strongly with TSS and turbidity. F. opoliensis, B. caudatus, and M. micrura coincided positively with conductivity and DO. D. barbata occurrence correlated negatively but strongly with DO and conductivity. The occurrence of B. quadridentatus, D. excisum, and M. aequatorialis correlated negatively and strongly with TSS, turbidity and temperature and nutrients of NH 4 and NO 2 while they correlated positively but weakly with TP ( Figure 13 ).
DISCUSSION
Zooplankton diversity and abundance
Diversity indices have been used as an important tool by ecologists to understand community structure in terms of richness, evenness or a total number of existing individuals (Allan, 1975) . In the present study, the diversity of zooplankton communities of Lake Tinishu Abaya is fairly high, which indicated that the lake water is plausibly productive. The diversity of zooplankton in the study area, reflects typical tropical aspects, with Rotifera being by far the dominant taxa richness (Mengistou and Fernando, 1991b; Adamneh, 2010; Matheos, 2011) . Rotifer diversity dominating over the crustacea in the present study is in agreement with reports from other Ethiopian Lakes (Mengistou and Fernando, 1991a; Fetahi et al., 2011; Fetahi et al., 2014) . In his studies on zooplankton communities from East African lakes, Green (1993) found that Rotifera has more species in the plankton than copepods and cladocerans. Green and Seyoum (1991) also found that the mean momentary Rotifera species number from Ethiopian water samples was higher than the mean for the rest of the world.
Size relationships of plankton and fish have been documented in many different environments. Lakes with resident Salmonoid fish have crustacea zooplankton always smaller than 0.75 mm and substantial rotifer populations, while lakes without fish contained much longer crustacea and few Rotifera (1962) . In Lake Tinishu Abaya, Oreochromis niloticus fish were introduced into the lake in 1997 (Kasshun et al., 2011) . This may ravenously prey the large-sized cladocerans and there may be a top-down effect. The lower percentage of Cladocera, in turn, could have resulted in a high diversity of Rotifera. The smaller zooplankters are known to be less impacted by blue-green algae could have persuaded their dominance over the largesized-crustacea. Rotifera benefited from the high turbidity of the lake as they are less affected than larger filter feeders (Kirk, 1991) . This explanation may seem to spot on for the diversity of Rotifera over the crustacean in the study area ever since the lake water is very turbid Sum of all eigenvalues 1.000 Sum of all canonical eigenvalues 0.671 throughout the study period.
In the study area, the abundance of zooplankton was significantly dominated by the cyclopoid copepods. This is in accordance with several other authors, who reported the dominance of copepod abundance in tropical and subtropical lakes (Burgis, 1974; Lewis, 1979; Mengistou and Fernando, 1991a; Amarasinghe et al., 1997; Irvine and Waya, 1999; Eshete et al., 2004; Adamneh, 2010; Fetahi et al., 2011) . The dominance of the abundance of copepods and Rotifera over the cladocerans in Lake Tinishu Abaya could have been the result of their competitive advantage. Feeding experiment did show that Rotifera and smaller zooplankton were dominant in the presence of blue-green filament (Fulton and Paer, 1988) . The low percentage of cladocerans abundance compared to copepods and rotifers in the study area could have been due to the high pressure of predation by juvenile tilapia. Cladocera seems to be affected by the high turbidity of the lake and the food quality. It has been indicated in several studies that the formation of large colonies or filaments limits their exploitation by zooplankton through a physical constraint on ingestion, nutritional inadequacy, and toxicity (Hrbáček, 1962; DeMott and Moxter, 1991; Haney et al., 1994 , Gilbert, 1990 .
As expected from small-sized and the occurrence of frequent water mixing lake, spatial variations of zooplankton abundance is less expected. The polymictic nature of the lake and relatively equivalent amount of major inorganic nutrients (nitrate, phosphate, and silicate) could have resulted in the absence of spatial variations of zooplankton abundance in the study area. The abundance of zooplankton, on the other hand, showed a significant variation between a month and this variation probably due to proximal causes such as changes in resource availability, weather, and predator pressure. Since zooplankton is an important diet of planktivorous fish (Fernando and Ponyi, 1981) , the effect of predation on zooplankton temporal variation cannot be ruled out in Lake Tinishu Abaya. The breeding season of tilapia (O. niloticus) in Lake Tinishu Abaya occurred between December and May peaking in January, February and March where a minor peak was also observed in June, July and August (Kassahun et al. 2011) , may play a role in the seasonal structuring of the zooplankton community.
Copepoda and Rotifera that dominated the abundance of zooplankton in the study lake correlated negatively with chlorophyll a (food) and indicated that there is a grazing pressure on phytoplankton, which is a wellestablished fact for other Ethiopian lakes (Adamneh et al., 2008) . In this study, large seasonal changes in water turbidity and Secchi disk were obviously observed. The turbidity and Secchi disk was positively and strongly correlated the total zooplankton abundance which seems that the two physicochemical variables are also important factors for the seasonal variations of zooplankton communities. Compared to the other factors, copepods abundance was correlated positively and strongly with Secchi disk (r= 0.504) and pH (r =0.545) which indicated that the two physiochemical factors had a profound effect on the seasonality of the copepod abundance. Several studies revealed that temporal variations of tropical zooplankton were associated with turbidity, water level, temperature, and stratification (Irvine and Waya, 1999; Eshete , 2003; Eshete et al., 2004; Melao and Rocha, 2004; Isumbisho et al., 2006) .
The relative total abundance of zooplankton was high during the rainy season which coincided with the complete mixing period, high ambient inorganic nutrients, high water turbidity, and low water transparency. Seasonal increase in zooplankton abundance during the rainy periods was also reported in Lake Naivasha, Kenya and Lake George, Uganda (Mavuti and Literick, 1981) , and in Ethiopian Lakes Hawassa (Mengistu and Fernando, 1991b) , Tana (Ayalew, 2006) , Ziway (Adamneh et al., 2008; Mathios, 2011) and Hayq (Fetahi et al., 2011) . The allochthonous dissolved nutrients washed into the lake via rivers Dacha and Bobodo, during the rainy time persuade high phytoplankton biomass (chlorophyll a) that might in turn, support the occurrence of high zooplankton abundance.
T. decipiens significantly dominated the total zooplankton abundances throughout the sampling period. The RDA analysis (Figure 11 ) indicated that the abundance of T. decipins is strongly correlated with nutrient availability (NO 2 , NO 3 , NH 4 ), and other various physicochemical variables (pH, turbidity, and TSS). The dominance of T. decipiens abundance over the other species of zooplankton could be the result of its omnivorous feeding habits; this species is reported to feed on Microcystis and nauplii in Lake George Uganda (Burgis, 1969) . It may have gained an advantage from the dominance of blue-green algae and the fact that it is less attractive for a predator due to its small body size. The average total length of this species is 614 µm in Lake Tinishu Abaya (Table 5) , which is considered as small in size, may benefit from predator and could lead to its extensive dominance in the study lake. Size variation in the distribution and abundance of copepod species was evident in the present study, and larger adult M. aequatorialis were very low compared to the small-sized T. decipiens. A possible reason for the absence of a high abundance of M. equatorialis could be the presence of high juvenile (<10 cm in total length) O. niloticus (Brook and Yirga, 2018) , which may pose a significant predation on the larger adult copepods, M. aequatorialis.
The presence of high juvenile Tilapia may avoid the macrophytes due to chemical cues from the fish. Larger copepods like M. aequatorialis, preferred macrophytes to avoid their predation. However, the distribution of macrophytes in the study lake was low (personal observation). In shallow lakes where the water transparency is generally low (a feature of Lake Tinishu Abaya), diel vertical migration may hardly be observed. Rather, in such shallow lakes, large-bodied zooplankton migrates horizontally from the open water to the littoral into the macrophytes seeking a refuge against predators (Burks et al., 2002) , though the compositions of macrophytes in the study lake is very low. This may result in the occurrence of low abundance of large copepods, M. eaquatorialis compared to the small-sized T. decipiens. However, it is difficult to explain such fluctuations in species composition due to a lack of extensive studies on macrophytes as habitat effect on large copepods in this study lake.
Several studies indicated Chaoborus as a major component of the limnetic food web in tropical lakes (e.g. Lake Chad; Saint-Jean, 1983; Lake Malawi; Irvine, 1997;  or in shallow reservoirs (Aka et al., 2000; Pagano et al., 2003) . Chaoborus can eliminate 2 -90% of the population of its prey per day (Pastorok, 1980) or 20 -29 prey items per individual per day (Pagano et al., 2003 ). An experimental study on Chaoborus predation on zooplankton also indicated that large zooplankton like adult Mesocyclops species is significantly affected. Consistent high selection of Chaoborus for M. aequatorialis was reported from Lake Malawi (Irvine, 1997) and an increase in vulnerability of Mesocyclops with an increase in size from Lake Valencia (Lewis, 1979) and Lake Tana (de Graaf, 2003) . In the study lake, we confirmed the presence of these predators may have as outcome the lower abundance of M. aequatorialis.
Moina micrura and D. barbata, and D. excisum contributed the maximum abundance of cladoceran while C. cornuta and B. longirostris contributed an insignificant amount. Except the D. barbata, the abundance of most of the cladoceran species (M. micrua, D. excisum, C. cornuta, and B. longirostris) was relatively high during the dry season. The presence of a high abundance of most cladoceran in most of the dry season may be due to the occurrence of high phytoplankton biomass (chlorophyll-a) and Rotifera. The RDA graph also indicated that the M. micrura and D. excisum was strongly correlated with surface temperature and dissolved oxygen, which showed they regulate the distribution of the two species. The high abundance of D. excisum reported during dry seasons. The high abundance of D. barbata was observed during the rainy season and this could have been due to the high ambient inorganic nutrients and water turbidity. D. barbata was correlated strongly and positively with phosphorous nutrients than others (RDA graph/ Figure 13 ).
In the study lake, the abundance of Rotifera was dominated by Brachionus species more than half of the sampling periods. The four species of Brachionus (B. angularis, B. caudatus, B. calcyflorus, and B. quadridentatus) contributed the highest abundance of Rotifera. B. angularis dominated Rotifera abundance from January to March (Dry period). The other Rotifera which contributed a significant amount to the total abundance of Rotifera were H. intermedia, K. tropica, and F. terminalis. Most of the Rotifera species abundance was high during the dry season probably as a result of high phytoplankton biomass (chlorophyll a). Generally, the abundance of Rotifera was high during the rainy season concurrently with high temperature, high water transparency, high dissolved oxygen, and high phytoplankton biomass (chlorophyll-a) whereas they are low in time of the rainy season coincides with high water turbidity.
Zooplankton biomass
Biomass reflects the instantaneous quantity of live organic matter in a given area and also provides a means of analyzing an ecosystem's productivity, irrespective of taxonomic composition (Pace, 1986) . The total mean standing biomass of the relatively larger crustaceans (copepods and cladocerans) and small-sized-Rotifera in the study lake was fairly high which shows the lake water is considered moderately productive which supports most of the aquatic lives including fish production. The biomass of the Lake Tinishu Abya is comparable with other nearby rift valley lakes of Ethiopia such as L. Ziway (Adamneh, 2010) (90.87 mg DW m -3 for total zooplankton biomass, 78.3 mg DW m -3 for copeoda, 9.4 mg DW m -3 , for cladocera, and 3.1 mg DW m -3 for rotifera), L. Hawassa (Mengistou and Fernando, 1991a (44.9 mg DW m -3 for total zooplankton biomass, 36.93 mg DW m -3 for copepoda biomass) and L. Hayq (Fetahi et al., 2011) (236.4 mg DW m -3 for total zooplankton biomass, 161.46 mg DW m -3 for copepoda biomass, 75 mg DW m -3
for cladocera biomass). The occurrence of the reasonably high biomass of zooplankton in the present study could have been due to the presence of high inorganic nutrients which discharge from the watershed through runoff, high water turbidity through the year, and comparatively high algal biomass (chlorophyll a), well oxygenated, and good water temperature. The occurrence of large body-sized cladoceran species, particularly D. barbata, may help in the presence of high zooplankton biomass in the study area.
An increase in zooplankton biomass has often been associated with a rise in the trophic status of the environment. Studies that consider biomass values are important because they allow comparison of different environments, providing a common unit to evaluate zooplankton groups. Generally, eutrophic environments support higher biomass of zooplankton than more oligotrophic ones (Esteves and Sendacz, 1988) . The trophic status of Lake Tinishu Abaya is eutrophic, which results in the sort of high biomass of zooplankton in the study lake.
The two crustaceans (copepods and cladocerans) have contributed the highest biomass of zooplankton in the study area. The presence of high relative abundance and having large body size for the crustacean may have favored the occurrence of higher biomass than the smallsized Rotifera. In addition to the extensive dominance of their abundance, the higher contribution of copepods for the total zooplankton biomass may also be due to grazing presser on phytoplankton. Biomass of copepod correlated positively and strongly with the abundance of Bacilorophyceae (p=0.002) and Cyanophyceae (p=0.084), indicated the occurrence of high grazing between the two groups.
There was a seasonal variation in the distribution of biomass by which the biomass of crustacea was high mostly during the rainy season when most of the inorganic nutrient and the turbidity of the lake water became high. Biomass of the small-sized Rotifera, on the other hand, was high during the dry season when surface temperature, dissolved oxygen, pH, and alkalinity increased. In the post-rainy season (December) and the dry season (March), high mean biomass of zooplankton was shown. High phytoplankton biomass (chlorophyll-a ) were observed in March which may, in turn, result to occurrence of high zooplankton biomass in March. In addition, the occurrence of unusual rainfall in March (personal observation) may augment the entering of nutrients from the watershed to the lake owing to the escalating biomass of zooplankton in this month.
Conclusion
The zooplankton communities found in Lake Tinishu Abaya, comprised of the two Crustacea, cyclopoid copepod and cladoceran, and the small-sized Rotifera. Rotifera accounted for the highest number of species while copepods had the highest abundance of zooplankton. There was a temporal pattern in the distribution of zooplankton with Rotifera abundance being high during the dry period coincides with high chlorophyll a (phytoplankton biomass), whereas, crustacea abundance was prominent during the rainy period concurrently with high ambient inorganic nutrients and water turbidity. The standing biomass of zooplankton in the study lake was comparatively high and was dominated by copepods followed by cladocerans then Rotifera. Due to the high biomass, the lake can be said to be productive. The various physico-chemical factors responsible for the observed temporal variations in the physical, chemical and biological features of the lake are discussed and generalized that the lake water was well oxygenated, slightly warm, alkaline, contained more TSS, TDS, and EC, very turbid, low transparency and with relatively high inorganic nutrients which support most of the aquatic lives. Generally, based on the results of the diversity, abundance, and biomass of zooplankton communities, and the various physichochemical drivers, the authors concluded that Lake Tinishu Abaya is reasonably a productive inland freshwater ecosystems in the rift valley of Ethiopia.
